Abstract: Twelve categories/traits were used to classify and rank aquatic invertebrates based on their propensity to drift and importance as a food resource for salmonids. Invertebrate availability was based on their (i) propensity to intentionally drift, (ii) likelihood of being accidentally dislodged by the current, (iii) drift distance, (iv) adult drift, (v) benthic exposure, (vi) body size, and (vii) abundance. This study represents the first attempt to characterize the intentional drift propensity of stream invertebrates. A ranking procedure separated invertebrates into Baetis and three groups decreasing in availability. Predicted ranks were significantly correlated with the actual rank of invertebrates in trout guts taken in three separate studies conducted in the central Rocky Mountains, suggesting that this procedure can effectively rank invertebrates based on their availability as a food resource for salmonids. A cluster analysis separated the 95 taxa into four drift guilds and six availability groups. This study provides criteria for determining when alterations in invertebrate community composition will affect food resources for higher trophic levels by causing a decline in the most available taxa. This research also supports previous findings that floods are important in maintaining invertebrates that represent an important food resource for salmonids.
Introduction
Invertebrates play an important role in lotic ecosystems by influencing functional processes (e.g., decomposition, primary production, nutrient spiraling) and by forming the major link between primary producers and higher trophic levels (fish). As a food resource, not all invertebrates are equally important. Differences in predator (e.g., trout versus sculpin) and prey (mayflies versus clams) traits (morphology, behavior, life history) create differences in availability. For example, most trout (the focus of this study) feed primarily in the drift, and some aquatic insects are only available in the drift as adults since immature stages occur in the hyporheic zone (DeWalt and Stewart 1995) , are inactive during the summer (diapause), or are concealed within the epibenthic habitat (Ward 1992) . The ecotrophic coefficient is the proportion of the total benthic invertebrate production that is consumed by the entire fish assemblage (Ricker 1946) . In trout streams, this proportion likely ranges between 0.30 and 0.50 (Waters 1988) . Such low ecotrophic coefficients (Waters 1988) can, in part, be explained by differences in availability among invertebrates. For salmonids, availability is primarily defined by the propensity to drift (both immature nymphs and adults). I propose a conceptual model and procedure for ranking invertebrates based on their availability to drift-feeding salmonids. Ranking aquatic invertebrates according to their importance in maintaining food supplies for higher trophic levels may be an important step in predicting the effects of disturbances (floods, dams, diversions, pollutants) on trout populations. If the impact of disturbances on highly ranked invertebrates is determined, changes in salmonid food resources can be predicted.
Classifying organisms into ecological aggregates that are functionally similar and transcend taxonomic boundaries (functional groups or guilds) is a valuable approach applied to a wide range of organisms for a variety of purposes (Southwood 1988; Keddy 1994) . In streams, the guild or functional group concept has been successfully applied to invertebrates (Cummins 1973; Growns and Davis 1994; Merritt and Cummins 1995) , fish (Karr et al. 1986; Poff and Allan 1995) , and most of the plants and animals of an entire river ecosystem (Resh et al. 1994) . One of the most appealing aspects of the guild concept is its ability to condense a large amount of speciesspecific information into a few categories that have generalized attributes, thus reducing the complexity associated with a large number of species (Hawkins and MacMahon 1989; Townsend and Hildrew 1994) .
The objective of this paper is to provide criteria for classifying stream invertebrates into guilds based on their propensity to drift and to rank invertebrates based on their importance as a food resource for trout. I have estimated the dietary importance of various taxa in small to midsized snowmelt run-off streams of the subalpine, montane, and foothill zones of the central Rocky Mountains. The taxonomic categories used in this study were primarily taken from Ward and Kondratieff (1992) . Taxa found in trout streams of the central Rocky Mountains were classified at the order, family, or genus level and ranked with respect to criteria that determine availability: (i) adult and immature drift propensity, (ii) exposure of taxa inhabiting the surface benthos, (iii) general patterns of relative abundance, and (iv) invertebrate body size. Figure 1 represents the conceptual basis for this paper and summarizes the following information. Trout are visual, size-selective, opportunistic generalists that primarily feed on the drift (e.g., Newman 1987; Allan 1995) . Although benthic feeding is prevalent in turbid rivers (Tippets and Moyle 1978) , among young-of-the-year (YOY) (Grant and Noakes 1987; Hubert and Rhodes 1992) and apparently among salmonids with a subterminal mouth (Nakano and FurukawaTanaka 1994) , drift-feeding is the primary means of energy acquisition for most juvenile and adult salmonids in the Rocky Mountains and remains an important part of the diet for larger (>30 cm) piscivores (e.g., Griffith 1974; Angradi and Griffith 1990; Nakano et al. 1992) . Prey detection and foraging efficiency are reduced with decreasing levels of light (Jenkins 1969; Ginetz and Larkin 1976; Hyatt 1979; Wilzbach et al. 1986 ). Invertebrates entrained in the drift during daylight hours and at twilight periods (dawn and dusk) are most easily detected and therefore most available to salmonids. Except for bright moonlit nights, night drift (before morning and after evening twilight) is primarily unavailable. Recent research provides convincing evidence that invertebrate nocturnal drift is an effective predator avoidance adaptation to minimize the risks of predation by driftfeeding fish (Allan 1978; Dill 1987; Flecker 1992; Douglas et al. 1994; McIntosh and Peckarsky 1996) .
Methods

Conceptual model
Stream invertebrates can be accidentally dislodged (passive drift) or, for various reasons, intentionally enter the drift (e.g., Peckarsky 1980; Kohler 1985; Malmqvist and Sjöström 1987; Forrester 1994; ). The term "intentional" implies an active process resulting from the decisions made by individuals (Dill 1987) . Except for catastrophic drift induced by stressful conditions (stranding, oxygen deficiency), it appears that most intentional/active drift is primarily confined to hours of darkness when fish prey detection is reduced (Walton 1980; Ciborowski 1983; Kohler 1985; Rader and McArthur 1995; Wooster and Sih 1995) , whereas most daytime drift is accidental or associated with changes in life cycle events (Waters 1965 (Waters , 1972 Ciborowski 1983) . Recent research has shown that trout can suppress daytime drift (e.g., Flecker 1992; Douglas et al. 1994; McIntosh and Peckarsky 1996) and that invertebrates will often delay drifting until night in response to unfavorable conditions initiated during the day (e.g., Poff and Ward 1991; Rader and McArthur 1995) . Although the prevalence of intentional versus accidental drift during the night night versus the day requires further investigation, several studies suggest that most intentional drift is confined to the safer periods of darkness and the amount of intentional drift during the day is probably small compared with accidental dislodgment and drift associated with changes in life cycle events.
If there were no twilight periods (dusk and dawn), there would be no need to classify invertebrates based on their propensity to intentionally drift because invertebrates that intentionally leave the substrate probably confine their drifting activity to periods of darkness and are therefore relatively unavailable as food for salmonids. Even though salmonid feeding efficiency declines with decreasing irradiance (e.g., Wilzbach et al. 1986 ), several studies indicate that salmonids can actively feed at twilight (McCormack 1962; Ringler Can. J. Fish. Aquat. Sci. Vol. 54, 1997 1212 Bachman 1984; Clapp et al. 1990 ). Invertebrates that intentionally drift or are accidentally dislodged during twilight periods are exposed to predation and likely make a significant contribution to salmonid energy intake. Therefore, invertebrates were classified based on their propensity toward both accidental dislodgment (during the day and at twilight) and intentional drift (twilight).
Why would stream invertebrates intentionally drift at twilight if they are exposed to trout predation? Invertebrates that intentionally drift at twilight probably leave the safety of the substrate because of their inability to accurately detect levels of light in the water column. At twilight, invertebrates that inhabit substrate crevices are undoubtedly exposed to a darker microenvironment than the level of light surrounding salmonids. Holt and Waters (1967) suggested that the gradual increase in drift at dusk, rather than a sudden and synchronized rise, may be caused by the exposure of invertebrates to varying levels of light and amounts of shadow in the benthos. On a larger scale, invertebrates from dark, shaded stream sections may drift at twilight into brighter reaches with an open canopy. At twilight, many invertebrates may intentionally but prematurely drift from dark habitats into a dimly lit water column with a bright background sky, exposing themselves to predation by trout. Hence, understanding invertebrate availability to trout requires characterizing both accidental dislodgment and intentional drift propensity.
Ranking procedure
In addition to categories defining benthic exposure and size, nine categories ("Intentional Drift", "Habitat", "Flow Exposure", "Mobility", "Drag Index", "Drift Distance", "Emergence Behavior", "Ovipositing Behavior", and "Diel Activity") were used to classify stream invertebrates based on their propensity to intentionally drift, accidental dislodgment by the current, and the drift characteristics of adults (Table 1 ). All categories were divided into subcategories/species traits. Each invertebrate taxon was assigned to a single subcategory and received the corresponding score. The higher the score the greater the availability as a food resource for trout. Invertebrates were ranked based on their total score summed across all categories. The procedure used to assign invertebrates to specific subcategories had an ordered, hierarchical arrangement. Invertebrates were classified starting with the top category and proceeding down the table (Table 1) . Habitat had an important influence on a taxon's total score or rank. For example, Flow Exposure, Mobility, Drag Index, and Drift Distance did not apply (NA) to taxa inhabiting the hyporheic zone or depositional areas. (I assumed that accidental dislodgment and drift entry from hyporheic and depositional areas was rare.) Similarly, Emergence Behavior and Oviposition Behavior did not apply to noninsect taxa.
Numerous publications (>50) on aquatic invertebrate biology were used to classify taxa (i.e., Claassen 1931; Needham et al. 1935; Ross 1944; Jensen 1966; Harper and Hynes 1972; Harper 1973; Wiggins 1973 Wiggins , 1996 Edmunds et al. 1976; Baumann et al. 1977; McAlpine et al. 1981; McCafferty 1981; Stark 1984, 1988; Swisher and Richards 1991; Ward and Kondratieff 1992; DeWalt and Stewart 1995; Merritt and Cummins 1995) . Information on some traits was often not known for all species in a taxonomic group. The traits used to characterize some genera were often based on information from a single "Type" or "Exemplar" species (as in Merritt and Cummins 1995) . Also, some taxa were difficult to assign to a single subcategory. For example, most species in the families Nemouridae and Leuctridae are winter stoneflies but some species emerge in the summer (Harper 1973) . When a genus contained species that could fit into more than one subcategory, the most prevalent subcategory was chosen. The taxonomic resolution (order, family, or genus) used in the classification process was determined by the redundancy of traits within a group. For example, all genera in the family Heptageniidae in trout streams of the Central Rocky Mountain region had the same traits and were classified in the same subcategories. I used two criteria to determine the level of taxonomic resolution. When one or more genera in a family occupied different habitats (hyporheic, depositional, or erosional) or occupied the same habitat but differed by two or more of the other 11 categories, the family was separated at the generic level. Habitat was important because it would determine the applicability (NA) of subsequent categories which could have a important influence on the magnitude of the final score.
Category descriptions
Intentional drift
Most stream invertebrates can intentionally enter the drift in an attempt to avoid extreme conditions that fluctuate beyond the normal range of variation (disturbance/catastrophic drift). For example, numerous invertebrate taxa intentionally drifted in response to oxygen stress when flow was reduced in a small (50 cm wide) cold-water spring in Idaho (Minshall and Winger 1968) . I have attempted to identify invertebrates that under normal, nondisturbance conditions intentionally drift and are therefore consistently available for salmonid consumption (primarily at twilight). Under nondisturbance conditions, stream invertebrates probably range from frequent intentional drifters to taxa that rarely intentionally enter the drift. I make the assumption that there is a relationship between intentional drift propensity and the ability to exit the drift. The ability to efficiently exit the drift will determine the magnitude of the risks associated with Note: NA indicates subcategory scores for taxa when categories were not applicable. For example, the Flow Exposure category would not apply to taxa that spend most of their life cycle in the hyporheic zone. A dash indicates that no subcategory was assigned to that particular score. Table 1 . Traits or categories and scores used to classify stream invertebrates based on their availability to drift-feeding salmonids.
Rader 1213 drifting (e.g., time of exposure to salmonid predation) and, therefore, the intentional drift frequency. Data on drift distances of various taxa (Elliott 1971; Otto and Sjöström 1986; Allan and Feifarek 1989) and the behavioral responses of mayfly prey to stonefly predators support this assertion (Corkum 1978; Peckarsky 1980; Molles and Pietruszka 1983; Williams 1987; Peckarsky and Penton 1989) . The ability to exit the drift depends on settling efficiency, and settling efficiency depends on three factors: (i) swimming ability, (ii) agility in regaining a foothold on the substrate (e.g., trailing a silk thread), and (iii) sinking postures. Stream invertebrates were classified according to these three criteria using information derived from a variety of sources on settling efficiency, drift distances, and behavioral observations (e.g., Elliott 1971; Ciborowski and Corkum 1980; Otto and Sjöström 1986; Williams 1987; Peckarsky and Penton 1989) . I also reviewed the literature on intentional drift to gather empirical data on the intentional drift frequency of various taxa (Table 2 ). Based on this review, four nondisturbance mechanisms can elicit an intentional drift response: (i) avoidance of predators, (ii) avoidance of nonpredatory, aggressive interactions, (iii) searching for a patchily distributed food resource, and (iv) oxygen regulation. The intentional drift frequency (rare, occasional, and frequent) of specific taxa has only been determined for confrontations with predators and aggressors (Table 3 ). Taxa were classified as "Rare", "Occasional", and "Frequent" based on the percentage of encounters (predation or aggression) producing an intentional drift response (Frequent ≥ 50%; 50% < Occasional > 10%; Rare ≤ 10%). Taxa with apparently no propensity to intentionally drift except when stranded or otherwise physiologically stressed were placed in the "No Drift/Catastrophic" category. Since this review included only a small proportion of the invertebrate assemblage, a procedure that maximized empirical information from Table 3 was used for classifying most taxa without empirical data. Taxa with known settling traits but absent in the review (no empirical data) were given the same classification as taxa in Table 3 with the same settling traits (e.g., swimming ability, stone cases, drift posture, etc.). Taxa absent from the review with unknown settling traits were classified based on the intentional drift frequency or settling efficiency (e.g., Elliott 1971; Ciborowski and Corkum 1980; Otto and Sjöström 1986) of taxa present in Table 3 with the same mobility characteristics (sessile, attached, crawlers, swimmers). An abundance of information indicated that Baetis were frequent intentional drifters (Table 3) . Amphipods, like baetids, were placed in the Frequent category because they are good swimmers with rapid settling capabilities (Elliott 1971) . The Ephemerellidae are weak swimmers with a thick exoskeleton. However, Ephemerella ignita, E. subvaria, and E. invaria were placed in groups that always returned to the bottom faster than dead individuals (Elliott 1971) or were intermediate with respect to settling efficiency (Ciborowski and Corkum 1980; Otto and Sjöström 1986) . However, based on their intentional drift response to predators and aggressors (Table 3), I placed Ephemerella and all Ephemerellidae in the Rare group. Although Heptageniidae (classified as Occasional in Table 3 ) are also weak swimmers with an intermediate settling efficiency, they drift more frequently during confrontations, tend to swim more often than Ephemerellidae (Otto and Sjöström 1986) , and are agile at regaining a foothold when brought in contact with the substrate (Elliott 1971) . Even though Isonychiidae, Siphlonuridae, and Leptophlebiidae (except Choroterpes and Traverella) are swimmers/clingers (Merritt and Cummins 1995) , they were classified as Occasional intentional drifters based on the response of Leptophlebia, Paraleptophlebia, and Nesameletus to predators or aggressors (Table 3) . I found no information on the intentional drift propensity of burrowing mayflies (Ephemeridae, Polymitarcyidae) or on mayflies that bury themselves in soft sediments (Caenidae and most Tricorythidae). However, Ephemera danica is a weak swimmer and has difficulty in regaining a "foothold" on the substrate (Otto and Sjöström 1986) . Burrowing mayflies were therefore classified with other weak swimmers in the Rare subcategory. With no information to indicate otherwise, mayflies that bury themselves in the sediment were classified with burrowers. Except for Perlidae and Taeniopterygidae, all Plecoptera were classified as Rare intentional drifters. Most are poor swimmers (weak side-to-side movements) with an intermediate to low settling efficiency. They often curl into a "U" or "J" shape, increasing their settling rate but decreasing their ability to regain a foothold on the substrate (Otto and Sjöström 1986) . Unlike other Plecoptera, Perlidae were assigned to the Occasional category because they use their legs as oars and are strong, agile swimmers (Stewart and Szczytko 1983; Otto and Sjöström 1986; Rader and McArthur 1995) . Taeniopteryx and Brachyptera (Taeniopterygidae) are poor swimmers but because of their drifting posture can readily regain a foothold on the substrate (Madsen 1969; Otto and Sjöström 1986) . Both families have an Occasional tendency to intentionally drift during confrontations (Table 3) . Trichoptera were separated into case-makers (especially rock cases) with no intentional drift propensity (see Glossosoma, Table 3 ) and net-spinners. Net-spinning caddisflies will occasionally drift during confrontation (see Hydropsychidae and Polycentropidae, Table 3 ) and will often trail a silk thread to enhance their settling efficiency (Elliott 1971; Otto and Sjöström 1986) . Net-spinning Lepidoptera were classified with net-spinning Trichoptera in the Occasional category. Free-living (Rhyacophila) and case-making caddis larvae (No Drift) are nonswimmers with poor reattachment abilities (Otto and Sjöström 1986) . Except for the Simuliidae, all Diptera (Rare category) were considered nonswimmers with a poor settling efficiency that do not drift during predator-prey or aggressive confrontation (see Blephariceridae and Chironomidae, Table 3 ). Simuliidae frequently drifted when confronted by predators and they trail a silk thread to increase their settling rate (Hynes 1970; Hemphill 1988; Reidelbach and Kiel 1990) . Odonates were placed in the Occasional category based solely on swimming ability. The remaining groups (Elmidae, Oligochaeta, Turbellaria, Gastropoda, and Pelecypoda) were nonswimmers that were placed in the No Drift category.
For a few taxa, empirical evidence (behavioral observations) differed from theoretical predictions based on the presumed relationship between intentional drift frequency and settling efficiency. For example, Perlidae were classified as swimmers but only occasionally drifted during confrontation. Perlid stoneflies are also proficient at crawling (e.g., Corkum 1978) and may drift/swim as a secondary option to avoid confrontation. The ability to predict intentional drift frequency based on traits that determine settling efficiency may be limited if other nondrifting tactics are an equally efficient means of avoiding confrontation. For most taxa, however, settling efficiency and intentional drift frequency should be related because agile crawlers are usually poor swimmers. For example, morphological traits that enhance crawling agility (e.g. dorsoventral flattening) should also diminish swimming ability (e.g., absence of streamlining) and settling efficiency.
Some taxa in Table 3 responded to the same mechanism (e.g., predation) in different studies with different propensities to intentionally drift. Empirical observations could vary because of differences among studies. My estimates of intentional drift frequency will, to some degree, depend on the magnitude of risk associated with each study. For example, different species of predators may represent different levels of risk and therefore invoke different intentional drift frequencies. I was unable to assess the comparative level of risk experienced by individuals in different studies. The most prevalent response (rare, occasional, or frequent) was used to classify each taxa.
Habitat
The next five categories (Habitat, Flow Exposure, Mobility, Drag Index, Drift Distance) were used to classify stream invertebrates with respect to their propensity toward accidental dislodgment by the current. Habitat predicts the frequency of accidental dislodgment based on general habitat differences (Table 1) . Habitat is divided into three types: "Hyporheic" (White 1993) , "Depositional", and "Erosional" (Ward 1992; Merritt and Cummins 1995 Can. J. Fish. Aquat. Sci. Vol. 54, 1997 1216 pools and margins) form under baseflow conditions but do not include small pockets of slow water and redeposited materials in erosional reaches (e.g., riffles). I assume that organisms residing within the hyporheos are not accidentally dislodged and that macroinvertebrates inhabiting depositional areas contribute less to the drift than invertebrates from erosional habitats. Macroinvertebrates in depositional habitats are less likely to be dislodged and can rapidly return to the benthos (Waters 1962; Bailey 1966; Campbell 1985) . Therefore, I assigned a greater score for taxa that primarily reside in erosional (9) compared with depositional (1) habitats. In the Rocky Mountains, nymphs in the families Capniidae, Leuctridae, Taeniopterygidae, and Chloroperlidae spend most of their aquatic existence as part of the hyporheic fauna (e.g., Ward and Kondratieff 1992; DeWalt et al. 1994; DeWalt and Stewart 1995) . Large taxa (e.g. Sweltsa spp.) are probably an exception. Such taxa should be assigned to erosional habitats because they appear in the surface benthos long before emergence (Mackay 1969; Harper et al. 1991) .
Flow exposure
Flow Exposure group classification was recently proposed to provide insight into the response of macroinvertebrates to small-scale flow conditions (Growns and Davis 1994) . Whereas Habitat was used to classify invertebrates on a larger scale according to preferred units within stream reaches, Flow Exposure is an indication of flow preferences within habitat units. Growns and Davis (1994) partitioned invertebrates from streams in Australia into groups experiencing differing degrees of exposure to near-bed flows. "Avoiders" spent most of their life cycle within the substratum out of direct contact with the flow. Avoiders included taxa that dug burrows or buried themselves in fine sediment. "Facultatives" were invertebrates that often occurred in exposed areas (e.g., upper surfaces), but had the ability to move into protected crevices. "Obligates" (Hydroptilidae, Blephariceridae, Tanytarsini, Psephenidae, net-spinning Trichoptera) were fully exposed to the water column for most of their life cycle and had behavioral (e.g., fixed retreats) or morphological (e.g., hydraulic suckers) adaptations for attachment. Simuliidae were placed in the Facultative category, but were difficult to classify because they can move from one fixed location to another and yet are fully exposed to the current. In this paper, Chironomidae were separated into freeliving taxa (Avoiders) and those that were primarily tube-dwellers (Tanytarsini, Cardiocladius, Cricotopus) of the Obligate group. Both Hynes (1970) and Growns and Davis (1994) provide several examples of each Flow Exposure group. I propose that Flow Exposure groups can help to estimate the likelihood of dislodgment. Adaptations that prevent dislodgment are usually less efficient in Facultatives than in Obligates because Facultatives are more mobile. I assume an evolutionary tradeoff between mobility and attachment; adaptations that enhance attachment efficiency reduce mobility and dislodgment. Therefore, Facultatives should be accidentally dislodged more frequently than Obligates. For example, the more mobile Stenacron interpunctatum was accidentally dislodged more frequently at high current velocities (25.0 cm⋅s -1 ) than the slower, less agile Taeniopteryx spp. (Walton 1980) . Also, Ciborowski (1987) surveyed the literature which included numerous taxa representing a wide range of mobility and found that drift frequency was positively correlated with benthic locomotory ability.
Mobility
Because of the probable tradeoff between mobility and attachment, the propensity to drift should also be affected by various levels of mobility (Corkum 1978; Ciborowski 1987) . I make the general assumption that greater mobility increases the likelihood of dislodgment. Therefore, the likelihood of dislodgment descends from swimming > crawling > attached > sessile. Mobility subcategories are based only on mobility/attachment traits and differ from other similar categories (e.g., skaters, clingers, sprawlers from Merritt and Cummins 1995) in that they do not include a description of invertebrate habits or modes of existence. "Sessile" macroinvertebrates (e.g. late-instar Hydroptilidae) remain fixed in one position for most of their aquatic existence or as long as they are part of the epibenthic habitat. "Attached" taxa (e.g., Brachycentridae, Simuliidae, netspinning caddisflies) are typically fastened in one position for days or weeks but can move, if necessary, to new locations in response to changing conditions. "Crawlers" include a wide range of taxa (e.g., Heptageniidae, Gastropoda, Glossosomatidae) that move with varying degrees of speed and agility. Crawlers have various morphological adaptations that also enhance attachment (sharp tarsal crawls, sucker-like ventral gills, a setal disk), but they rarely remain in the same place for more than a day and they must move in order to feed. Blephariceridae and Psephenidae were placed in the Attached category because of their slow mobility and exceptionally efficient adaptations to the current. "Swimmers" (Baetidae, Siphlonuridae, Note: "Stimulus" indicates the mechanisms ("Predators", "Aggression", "Food", and "Oxygen") producing an intentional drift response. The mechanisms producing drift are not known for studies manipulating flow. "Frequent", "Occasional", and "Rare" indicated intentional drift propensity and was only determined where (1) the percentage drifting of the total number of nymphs was known, (2) the percentage of drift behavior was compared with other responses (e.g., crawling, remaining stationary), or (3) the authors made explicit statements regarding drift frequency. "No Drift" indicates the absence of intentional drift to a specific stimulus. "Evidence" describes the methods used to determine an intentional drift response. Studies using drift samples without behavioral observations were used only when authors explicitly stated that drift was intentional. A dash indicates that information was not sufficient to make a decision on the appropriate classification. An asterisk indicates studies where the stimulus fluctuated beyond the normal range of variation (i.e., disturbance/catastrophic drift).
Table 2 (concluded).
Rader 1217 Leptophlebiidae) are streamlined taxa that are capable of directional "porpoise-like" swimming undulations (Hynes 1970; Wilzbach et al. 1988) . Taxa with side-to-side thrashing movements (e.g., Rhyacophilidae, Tipulidae, most Chironomidae) produce very weak directional locomotion and were not classified with Swimmers. No attempt was made to relate various types of crawling locomotion or various degrees of crawling and swimming agility (e.g., Baetidae versus Siphlonuridae) to increasing or decreasing propensity toward accidental dislodgment. Mobility characteristics were only determined for taxa that reside in the epibenthic habitat. Taxa from depositional or hyporheic habitats were not classified (NA).
Drag index
Almost all invertebrates that venture from low-flow microhabitats will experience drag caused by a turbulent, three-dimensional microflow environment (Nowell and Jumars 1984) . Very few, if any, invertebrates large enough to be eaten by trout (>1.0 or 2.0 mm) can reside within the boundary layer of a stream, especially in highgradient streams typical of the Rocky Mountains. The Drag Index relates invertebrate size and shape to the probability of dislodgment. The force necessary to dislodge individual organisms is equivalent to the current velocity passing though its frontal projection area. The amount of drag experienced by stream organisms subjected to identical microflow conditions is a function of both body size and shape which will determine the difference in the amount of pressure impending on the front (upstream, high pressure zone) compared with the rear (downstream, low-pressure turbulent zone) of an invertebrate (Vogel 1994) . Because habitat selection, flow exposure, and morphological adaptations related to attachment and mobility will also determine the propensity toward accidental dislodgment, some measure of drag by itself is not an adequate estimation of the likelihood to accidentally drift. For this reason the preceding three categories (Habitat, Flow Exposure, and Mobility) were included (Table 1) . Wilzbach et al. (1988) suggested that body shape, expressed as the ratio of height to width, was a reasonable index of drag and the propensity to become dislodged. They found that as the height to width ratio increased, drag increased and the current velocity required to dislodge killed individuals decreased. Stream invertebrates can be classified into four morphological types based on their general body shape: (i) streamlined, (ii) cylindrical, (iii) dorsoventrally flattened, and (iv) spherical/globular. Some cylindrical invertebrates are more round in cross section (Tipulidae), whereas others are somewhat compressed in the dorsoventral direction (Perlidae). All invertebrate taxa were assigned to one of the four morphological types and the height to width ratio was measured for each (Table 4) . The height to width ratio was then combined with body size to calculate the Drag Index (see below). Body size (length of invertebrate in the direction of the flow) will also influence the amount of drag experienced by stream invertebrates (Vogel 1994) . For example, large (45 mm) Tipulidae (height/width ≈ 1.0) will experience greater drag under similar microflow conditions than small Tipulidae (15 mm). Streamlined taxa (e.g., Baetidae) were a special case because their bodies were designed to reduce drag (Vogel 1994) . They were automatically assigned to the subcategory with the lowest score (1) regardless of the magnitude of their Drag Index. For stream invertebrates inhabiting the epibenthic habitat, I propose combining both shape and size in one index. The Drag Index (D) can be calculated as follows:
where L is body length (cerci excluded) and H and W are the maximum body height and width. H and W were measured using calipers accurate to 0.02 mm whereas L was determined by calculating the midmost length of the size ranges for each taxon (see Table 4 ). Trichoptera were measured in their cases or tubes. Under similar microflow conditions, very small (length <5.0 mm) or dorsoventrally flattened taxa (D < 6.0) should experience less drag than taxa with a large height/width. Index values <6.0 included invertebrates (Psephenus, Rhithrogena) known to experience reduced drag (Wilzbach et al. 1988 Note: Only studies indicating the intentional drift frequency were used (Table 2) . A dash indicates categories where no information was available. Numbers in parentheses are the percentage of studies indicating the designated response. See Table 2 for the sample size of studies and species comprising each taxon. Table 3 . Invertebrate intentional drift propensity based on their response to mechanisms (predation and aggression) that influence drift frequency.
In the absence of data to indicate otherwise, cutoff points (6 and 12) were determined by visual inspection of the exponential relationship between the drag of morphologically different taxa and current velocity (Wilzbach et al. 1988) . If current velocity can be measured at the scale of an individual organism, then the Drag Index (D) can be combined with Reynolds number (Re). Reynolds number is based on body size and has been used to estimate pressure drag and the force of microcurrent conditions (Vogel 1994) :
where U is the average velocity of the fluid and v is the kinematic viscosity. Because both shape (height/width) and body size are important, substituting the Drag Index for body size in calculating Reynolds number should provide a more accurate estimate of the drag exerted on stream invertebrates. Note: Type refers to one of four general morphological types for stream invertebrates (1 = streamlined, 2 = cylindrical, 3 = dorsaventrally flattened, and 4 = spherical/globular). Ratio and L are the average height/width and the size range midpoint based on body length (mm), respectively. n is the number of individuals measured to determine the height/width. A "0" indicates where the height/width was inferred from other closely related taxa. Taxa that spend most of their life cycle in the hyporheic zone are not included (e.g., Capniidae and Leuctridae).
Drift distance
Table 4 (concluded).
Rader 1219 quickly return to the benthos should be less available than those that remain in the water column. Habitat (e.g., riffle versus pool) will influence both frequency and distance, whereas Flow Exposure, Mobility, and the Drag Index primarily influence only drift frequency. Drift Distance was determined by settling efficiency which also provided part of the criteria used to classify invertebrates based on their intentional drift propensity. However, the effects of settling efficiency are reversed when considering accidental versus intentional drift. For intentional drifters, the ability to efficiently exit the drift should increase availability by increasing the propensity to intentionally drift at twilight. With respect to accidental drift, however, settling efficiency will decrease the time in the drift and, therefore, availability. For example, Baetis is an active swimmer that frequently deliberately drifts (a score of 9 in the Intentional Drift category) but can quickly return to the substrate when dislodged (a score of 1 in the Drift Distance category). Traits that determine drift distance and settling efficiency were included as components of availability with respect to both intentional and accidental drift. Elliott (1971) separated invertebrates into three groups: (i) passive drifters that travel as far as dead individuals at slow and fast current velocities, (ii) typically passive drifters that could return to the bottom faster than dead individuals at slow, but not fast current velocities, and (iii) active settlers that return to the bottom faster than dead individuals at all current velocities. The ability to actively return to the bottom depends on three traits: (i) swimming ability, (ii) agility in regaining a foothold, and (iii) sinking postures. Because taxa that actively settle differ in settling efficiency (Elliott 1971) and because taxa that passively settle can either float or sink, the active-passive dichotomy was not sufficient to predict differences in drift distance and availability. Based on the literature (McLay 1970; Elliott 1971; Ciborowski and Corkum 1980; Otto and Sjöström 1986; Allan and Feifarek 1989) , I divided taxa that actively returned to the substrate into two groups: "Active Swimmers" (Baetidae, Amphipoda, Perlidae) and "Active Settlers" that were weaker swimmers and (or) used various sinking postures (Ephemerellidae and most Plecoptera) and efficient ways of regaining a foothold (claws and silk) on the substrate (e.g., Heptageniidae, Ephemerellidae, Simuliidae, Rhyacophilidae, net-spinning Trichoptera). Passive settlers were also divided into two groups based on buoyancy characteristics. "Sinkers" (Trichoptera with rock cases, clams, and snails) were negatively buoyant taxa that readily settle out of the drift (e.g., Otto 1976 ). Other taxa ("Floaters") that slowly floated to the bottom (no ballast) and lacked reattachment capabilities (claws, silk) were assigned to the farthest drifting category (a score of 6). Turbellaria, Diptera (except Simuliidae), and some Trichoptera with cases constructed of plant materials (e.g., Brachycentridae) were classified as Floaters.
Adult Drift
Ovipositing and emergence behavior and diel activity were used to classify emerging nymphs and aerial adults with respect to their occurrence in the drift and exposure to fish predation. Many taxa that are largely unavailable as immatures can become an important food resource during relatively brief periods of transition between the aquatic and terrestrial environment. Emerging adults that drift or swim to the surface are more available than those that crawl to the bank or emerge in winter. Similarly, adults that run across the water or land on the surface are more susceptible than adults that crawl into the water or drop their eggs from the air. Adults that avoid the water and lay their eggs on overhanging vegetation or recently exposed rock surfaces are least available to fish. Plus, adults that are active (ovipositing, mating, dispersal/flying) during the day, including morning and evening twilight periods (crepuscular activity), were deemed more available than primarily nocturnal taxa (e.g., most Trichoptera). Although many adult Trichoptera may begin activity during the evening hours, most taxa do not reach peak activity until well after sunset and twilight.
Benthic exposure
The "Benthic Exposure" category was similar to the "Flow Exposure" category except it does not refer to dislodgment by the current and the propensity to drift, but to the location of macroinvertebrates in or on the substrate with respect to trout detection and benthic feeding behavior. Despite conceptual differences, these two traits were correlated and somewhat redundant. For many taxa, flow exposure and benthic exposure were based on the same microspatial traits (e.g., flow avoiders were almost always concealed within the substrate). I adopted the rationale that if two categories were redundant for most taxa, but can help resolve differences in availability for a few, they both were included. For example, taxa classified as Obligates in the Flow Exposure category (e.g., net-spinning caddisflies) were fully exposed to the current, but may have been concealed between substrate crevices (i.e., classified as "Concealed" in the Benthic Exposure category). Benthic Exposure separated taxa that dig burrows, were buried in fine sediment, or occurred in the hyporheic zone from those that spent the majority of their aquatic existence in the epibenthic habitats (concealed or exposed). Concealed invertebrates typically occurred in crevices or on substrate undersurfaces whereas "Exposed" taxa resided on upper sunlit surfaces. Although many taxa can use both concealed and exposed surfaces (Heptageniidae), most predominantly occurred in one or the other during the day. I make the assumption that salmonids do not have the low-light visual acuity necessary to feed on the bottom substrate at night. Therefore, the movement of invertebrates from concealed surfaces during the day to exposed at night (Rader and Ward 1990; Culp et al. 1991) was not relevant behavior that might influence availability. However, if such benthic movements take place at twilight and increase the probability of accidental dislodgment, then this behavior might increase availability depending on the invertebrate's propensity towards accidental dislodgment. The propensity to become accidentally dislodged has already been estimated by classifying taxa based on previously defined traits. Macroinvertebrates that occur within moss or thick filamentous algae were classified as Concealed. Based on quantitative observations of salmonid foraging behavior during the day in the field, Bachman (1984) found that adult brown trout (Salmo trutta) consumed nearly 87% of their prey from the drift and removed less than 15% directly from the bottom substrate. Gowan (1995) found that only 5% of brook trout (Salvelinus fontinalis) daytime feeding forays were benthic (95% were in the drift). (There are no data, that I am aware of, pertaining to the proportion of benthic versus drift forays by salmonids at night.) Therefore, the lower subcategory scores for Benthic Exposure (Concealed = 1 and Exposed = 3) reflect salmonid preferences for feeding in the drift. All drift categories have at least one subcategory with a score of 6 or 9.
Size
The "Size" category was based on the body length (cerci excluded) of late-instar larvae. Early-instar larvae are often buried in the hyporheic zone or too small to be available as food for juvenile and adult trout (Wilzbach et al. 1986 ). Species descriptions in taxonomic keys provided size ranges for each taxa. Invertebrates were assigned to Size subcategories based on their size range midpoint. Separate size ranges for adult aquatic insects were not used because late-instar and adult size ranges were almost always identical. As trout grow, they select larger invertebrates that provide a greater energy return but never completely ignore smaller prey (Ringler 1979; Allan 1981) . Wankowski and Thorpe (1979) suggested that prey profitability would increase with prey size up to some optimum and then decline with larger prey because of increased "handling" costs. The optimum prey size would be 10.0-20.0 mm long for a 20.0-to 30.0-cm trout. Prey <1.0 mm rarely constitute a substantial portion of salmonid diets (e.g., Skinner 1985; Hubert and Rhodes 1992; Bozek et al. 1994) . However, if sufficiently abundant, some taxa <1.0 mm can be occasionally consumed (Young et al. 1997) . Therefore, taxa <1.0 mm were given a score of 1 instead of 0. All else being equal (e.g., abundance), Can. J. Fish. Aquat. Sci. Vol. 54, 1997 1220 invertebrates between 1.0 and 5.0 mm are small but commonly consumed (Skinner 1985; Bozek et al. 1994) . Taxa in the 5.1-to 20.0-mm range are often disproportionately selected by feeding salmonids (Allan 1981; Skinner 1985) . Taxa >20.0 mm are exceptionally large and presumably difficult to handle. Size subcategory scores reflect this hump-shaped relationship between profitability and prey size (Wankowski and Thorpe 1979) . Therefore, small (1.0-5.0 mm) and very large (>20.0 mm) taxa are assigned a score of 3 and taxa between 5.1 and 20.0 mm are given a score of 9. Size rankings are based on the selectivity of juvenile and adult trout with body lengths between 6.0 and 30 cm. YOY trout are usually <6 cm and often feed directly from the bottom (e.g., Hubert and Rhodes 1992) .
Abundance
Because salmonids tend to specialize on the most frequently consumed prey in its recent feeding history, availability is, in large part, defined by abundance (Allan 1981) . "Abundance" will interact with the propensity to drift (intentional or accidental), adult drift, benthic exposure, and size to determine availability. For example, abundant taxa of adequate size with a strong propensity to drift (intentional and accidental) should be most available as food for trout. Rare taxa, however, will have a low availability regardless of their size and propensity to drift, and taxa that seldom drift or are small (<1.0 mm) will have a low availability regardless of their abundance. Therefore, the subtotal scores for each taxon based on intentional drift, dislodgment, adult drift, benthic exposure, and size (traits of Table 1) were multiplied by a factor expressing the differing affects of abundance on availability. The subtotal from Table 1 for rare taxa was reduced by one half (multiplied by 0.5) to produce the final availability score. The availability of rare taxa is low regardless of other traits (drift propensity and size). However, the availability of abundant and common taxa will be influenced by all three (drift propensity, size, and abundance). Therefore, abundant taxa with subtotal scores (based on drift propensity and size; Table 1) equal to or greater than the average (mean subtotal score = 36) were increased by 50% (multiplied by 1.5). Abundant taxa with subtotals less than the average did not occur. If they did, however, they should be multiplied by 1.0 (i.e., the effect of a high abundance should be offset by a less than average score on drift propensity and size). Similarly, common taxa with a subtotal score greater than the average or equal to and less than the average were increased by a factor of 1.2 or 1.0, respectively.
Invertebrates were assigned to specific abundance categories based primarily on notes found in regional keys. "Rare" taxa were relatively easy to recognize because they were consistently among the least collected taxa throughout their range. Only three taxa (Baetis, Simuliidae, and Chironomidae) were designated as "Abundant". All other macroinvertebrates were classified as "Common". Abundant and Common designations were difficult because some invertebrates may be abundant in one location and common in another depending on changing environmental conditions. Abundance designations based on quantitative samples would increase accuracy and the model's ability to predict availability.
Data analysis
Spearman's rank correlation was used to determine the significance of the association between the predicted rankings and the relative abundance (percent by numbers) based on actual fish gut data. A priori rankings were compared to three data sets that quantified the number of both immature and adult macroinvertebrates. Allan (1978) examined the gut contents of 18 adult brook trout from Cement Creek, a third-order tributary of the East River in Colorado. Bozek et al. (1994) and Young et al. (1997) Because of difficulties associated with catching trout, the primary deficiency of most gut analyses is their failure to detect the importance of taxa that contribute to energy consumption but are absent from guts during sampling. Gut samples will characterize invertebrate availability for the previous 12-24 h at a spatial scale determined by fish movements. For example, gut samples from resident trout that forage from a single location will characterize invertebrate availability for a relatively small stream section. Most trout gut analyses are based on relatively small sample sizes (20-25 gut samples). Studies of trout diets at large spatial scales and over the course of a complete growing season are time intensive and therefore rare. The relative importance of different invertebrate taxa in salmonid diets based on gut analysis may exclude important taxa. Gut analyses should, however, reflect the rank order of availability for the taxa that do occur in the guts and they should not include relatively unavailable taxa. Therefore, if this index is efficient at ranking taxa based on their availability to drift-feeding salmonids, then (i) the rank abundance of taxa in guts should be correlated with rankings based on the index, (ii) gut samples should not include the least available taxa as identified by this index, and (iii) some taxa, present in the benthos and known to be important in salmonid diets, might be absent because of sampling deficiencies. These three studies were chosen because of their location in the Rocky Mountains and because both immature and adult insects were counted and benthic samples collected (Allan 1978; Bozek et al. 1994; Young et al. 1997) . Benthic samples helped to identified taxa present in the stream but, because of possible sampling deficiencies, were absent from gut analyses. These analyses are preliminary tests. They do not validate the accuracy of this index in determining invertebrate availability to drift-feeding salmonids. Validation may require field studies relating the presence of highly ranked invertebrate taxa with drift abundance and numerous trout gut samples.
One objective of this research was to identify similar taxa (guilds) based on traits that determine availability. Initially, taxa were separated into groups based on the ranking procedure described previously. Groups were identified by gaps of seven or more points between consecutively ranked taxa (see Results). For comparison, a hierarchical cluster analysis (Gauch 1982) was also used to group taxa with similar availability traits. In this analysis, taxa were assigned to groups based on the minimum Euclidean distance between an individual taxon and the center of the most similar cluster. The final result was a dendrogram. Nonhierarchical cluster analyses classify taxa based on an optimization routine: minimization of the pooled withincluster variance (O'Muircheartaigh and Payne 1977) . This nonhierarchical technique was run using ISODATA software (Ball and Hall 1967) and differed from the hierarchical procedure in that it does not produce a dendrogram, but did calculate an R 2 correlation coefficient for each variable/category and the total amount of variation explained by the analysis. Both cluster analyses used data from Table 5 : 95 rows (taxa) and 12 columns (categories). Data in the body of the table consisted of subcategory scores assigned to taxa from Table 1 . Subcategories that did not apply to some taxa (NA in Table 5 ) were treated as zeros. None of the data (subcategory scores) were standardized. Therefore, categories with wide-ranging values were weighted heavier than categories with scores of smaller magnitude. This was a convenient way of emphasizing categories (e.g., Habitat) that are known to have an important impact on availability. Since "Abundance" was treated as a multiplier (category subtotal scores were multiplied by a value (0.5, 1.0, 1.2, 1.5) reflecting the importance of abundance on availability), it had an important impact on the assignment of taxa into availability groups. However, "Abundance" is the most likely invertebrate attribute to vary across space and time. For comparison (to analyze the effects of "Abundance"), each analysis (the ranking procedure and both cluster analyses) was rerun excluding "Abundance" as a multiplier and only using the traits of 
Results
When stream invertebrates were ranked according to their availability based on the total of category scores (including Abundance as a multiplier), they separated into Baetis and three groups (Table 5) . Baetis was the highest ranked taxon with a score 13.5 points higher than the next highest ranked taxa, Simuliidae. The Simuliidae, Acentrella, and free-living Chironomidae were separated by 4 or fewer points and comprised the first group. The second availability group started with the Heptageniidae, Paraleptophlebia, Ephemerella, and Drunella (tied ranks) and gradually decreased (consecutive taxa were separated by 1 point or less) through an additional Fig. 2 . Association between the predicted ranks versus the actual percent abundance (average number of individuals per gut) of macroinvertebrates from (a) brook trout and (b and c) cutthroat populations using data from Allan (1978) , Bozek et al. (1994), and Young et al. (1997) .
Rader 1225 32 taxa. The third and least available group started with the beetles (Elmidae and Dryopidae) and declined in score (1 point or less separated consecutively ranked taxa) through 56 taxa until reaching the Pelecypoda. Gaps of 7 and 8 points separated group 1 from 2 and group 2 from 3, respectively. Sixty-one percent of the taxa occurred in the least available group (group 3). The most highly ranked taxa (in descending order) of the most diverse orders were (i) Baetis, Acentrella, Heptageniidae, Paraleptophlebia, Ephemerella, and Drunella (Ephemeroptera), (ii) Simuliidae and free-living Chironomidae (Diptera), (iii) Sweltsa, Nemouridae, Perlodidae, and Perlidae (Plecoptera), and (iv) Brachycentridae, Rhyacophilidae, and Hydropsychidae (Trichoptera). Predicted ranks were significantly correlated with the actual rank of macroinvertebrates in trout guts from each of the three studies examined (Fig. 2 ). Spearman's correlation coefficient (r) was 0.61 (P = 0.018), 0.66 (P = 0.008), and 0.70 (P = 0.0001) for data from Allan (1978) , Bozek et al. (1994) , and Young et al. (1996) , respectively. These results suggested that this index was proficient at predicting the rank of macroinvertebrates occurring in gut samples from specific streams. All taxa, except Hydroptilidae (Bozek et al. 1994) , Leuctridae, Dixidae, and Taeniopterygidae (Young et al. 1997) , occurred in the top two highest ranked availability groups. Out of a total of 48 taxa (gut samples from all three studies), these four taxa were represented by a single individual and were ranked in the lowest availability group. The most abundant taxa in guts from each study (Fig. 2) always occurred in the highest ranked group. The ranking procedure predicted which taxa would occur in trout stomachs and their rank order of abundance.
Based on benthic samples collected from each site, several taxa with predicted high availability were absent from trout guts. In particular, Rhithrogena spp. (Heptageniidae), Pteronarcella badia (Pteronarcyidae), and Rhyacophila spp. (Rhycophilidae) were common in the benthos but absent from brook trout guts in Cement Creek, Colorado (Allan 1978) . Similarly, Perlodidae, Perlidae, Ephemerella spp., and Drunella spp. were common in the benthos but absent from cutthroat gut samples in the North Fork of the Little Snake River (Bozek et al. 1994; Young et al. 1997) . Either the index has exaggerated the importance of these taxa as a food resource for trout or their absence from these gut examinations was a result of sampling deficiency. Since these taxa were commonly consumed by trout in other studies (e.g., Tusa 1968; Griffith 1974; Skinner 1985) , their absence was probably due to sampling deficiencies.
The cluster analysis (abundance excluded) accounted for 65% of the variation (n-dimensional space) in the assignment of taxa into groups. Both hierarchical and nonhierarchical techniques assigned taxa to similar clusters. Therefore, only results from the hierarchical technique (dendrogram) are shown (Fig. 3) and the nonhierarchical technique is used to provide R 2 values. The cluster analysis separated stream invertebrates into six groups or proposed guilds based on their availability to salmonids in the Rocky Mountain Region (Fig. 3) .
Results from the rankings procedure corresponded to results from the cluster analysis. Similarly ranked taxa clustered into the same groups (Fig. 3) . The rankings of individual taxa were used to determine the relative availability of each guild (A1 > A2 > A3 > A4 > A5 > B1).
Habitat (R 2 = 0.996) separated taxa into two groups (A and B). Taxa in the A group inhabited riffles whereas taxa in the least available group (B) inhabited either the hyporheic zone or depositional areas. Mobility (R 2 = 0.758), Intentional Drift (R 2 = 0.681), Drift Distance (R 2 = 0.663), Drag Index (R 2 = 0.574), Flow Exposure (R 2 = 0.554), Adult Diel Activity (R 2 = 0.562), and Ovipositing Behavior (R 2 = 0.553) were all important in separating taxa of the A group into five clusters (Fig. 3) . Benthic Exposure (R 2 = 0.432) and Size (R 2 = 0.428) were somewhat less important because they were only influential in separating a few taxa into their respective clusters. Emergence Behavior (R 2 = 0.183) was the only category that appeared to have little influence on the separation of taxa into guilds.
In addition to inhabiting the hyporheos and depositional areas, taxa in B1 dig burrows and bury themselves in fine sediment. All taxa in the most available guild (A1) were swimmers (except Simuliidae) and frequent intentional drifters in the facultative Flow Exposure category. Other swimmers (e.g., Callibaetis, Parameletus, Siphlonurus, Leptophlebia) inhabited depositional areas or clustered into the A2 guild (Isonychiidae, Paraleptophlebia, Ameletus). Guilds A3 and A5 were primarily composed of the most and least available Trichoptera, respectively. Size was the primary difference. Trichoptera in the A3 guild were closer to the more available intermediate size class whereas A5 Trichoptera were either too small or too large. Riffle dwelling stoneflies (Perlodidae, Nemouridae, Sweltsa, Pteronarcyidae, Perlidae) were dispersed among three guilds (A2, A3, and A5). Size was again important, as Pteronarcyidae and Perlidae (A5) were large and considered difficult to handle. Nemouridae and Sweltsa (A2) had dayactive adults whereas Perlodidae (A3) were nocturnal. Taxa in the A4 guild were composed of the most available, riffledwelling dipterans that were crawlers with a high drag index and would passively float once dislodged. Most dipterans in A4 also had day-active adults.
The primary affect of including abundance as a factor in the cluster analysis was to create a second relatively unavailable guild (B2). Twenty-one riffle-dwelling taxa from the A group were assigned a Rare designation which added them to the less available B group. These taxa are identified with an asterisk in Fig. 3 . All total, 56% or 53 taxa (B1 + B2) comprised the relatively unavailable B group; rare riffle-dwelling taxa and taxa that inhabit depositional areas or the hyporheos. Including abundance also added the Chironomidae to the most available guild (A1) because it clustered with Baetis and the Simuliidae which were also given an Abundant designation.
The final objective was to propose a functional classification of the drift based on the first six categories in Table 1 . For amphibiotic aquatic insects, this is a functional classification of immature stages since adult traits were excluded. When (hierarchical technique) showing the classification of 95 taxa into five availability groups (A1-A5) and one relatively unavailable group (B1). Values in the rank column identified the rank availability of each taxa as a food resource for salmonids (see text for a complete description). The ranking procedure and cluster analysis were based on the traits in Table 1 excluding abundance. When abundance was included as a multiplier used to modify availability scores, taxa with an asterisk were given a Rare designation for streams in the subalpine and montane zones of the central Rocky Mountains and comprised a second unavailable group. Can. J. Fish. Aquat. Sci. Vol. 54, 1997 1228 stream invertebrates were ranked using the sum of category scores, which was a measure of their propensity to drift (intentional and accidental), they separated into Amphipoda and three groups. Amphipods were the highest ranked taxa with a score 5.0 points higher than group 1. Group 1 was composed of three taxa (Baetis, Acentrella, Diphetor) with tied ranks and was 5.0 points greater than the much larger group 2. Group 2 started with the Simuliidae and gradually decreased (consecutive taxa were separated by no more than 2 points) through an additional 57 taxa. The third and least likely group to drift started with Callibaetis and declined in score (1 point or less separated consecutively ranked taxa) through 33 taxa. A gap of 7 points separated group 2 from group 3. Taxa in group 3 should have a low propensity to drift.
The cluster analysis assigned taxa into four guilds based their propensity to drift (Fig. 4) . The cluster analysis accounted for 86% of the variation in the assignment of taxa into guilds. As in the availability cluster analysis, invertebrate rankings corresponded to the results from the cluster analyses (i.e., similarly ranked taxa clustered into the same groups). Based on this analysis, the propensity to drift was greatest in guild 1 and decreased through guilds 2 and 3 to the least likely group of taxa to drift, guild 4 (Fig. 4) .
Three variables (Habitat, R 2 = 0.996; Flow Exposure, R 2 = 0.993; Mobility, R 2 = 0.800) were most important in controlling the clustering of taxa into drift guilds. All members of guild 4 inhabited depositional or hyporheic habitats whereas all taxa in guilds 1, 2, and 3 were classified in the Riffle subcategory. Except for the Simuliidae, all taxa in guild 1 were swimmers with a frequent propensity to intentionally drift and were classified as Facultative in the Flow Exposure category. Simuliidae shared the same traits with the rest of the taxa in guild 1 except they were assigned to the Attached mobility subcategory. All six variables, including Intentional Drift (R 2 = 0.661), Drag Index (R 2 = 0.691), and Drift Distance (R 2 = 0.670), were important in assigning and clustering taxa into guilds 2 and 3. Guild 2 was composed of riffle-dwelling mayflies, stoneflies, and caddisflies (free-living, net-spinning, case-making, tube-dwelling). Except for Psephenidae, Brachycentridae, and Hydroptilidae, taxa in guild 3 were primarily riffle-dwelling dipterans.
A comparison of drift and availability revealed that the guild with the greatest propensity to drift (i) was identical to the guild with the greatest availability to salmonids (A1) (Figs. 3 and 4) . Similarly, the guild with the least propensity to drift (4) was identical to the group with the lowest availability (B1). Except for Hydroptilidae and Brachycentridae (A3), drift guild 2 included availability guilds A2, A3, and A5 and three difficult taxa to classify (Athericidae, Dryopidae, Turbellaria) from A4. Except for these three taxa, A4 was identical to drift guild 3. The A5 group was one of the least available groups to salmonids because of size and adult characteristics, not because of their drift propensity because they were part of the second most likely group to drift (2).
Discussion
The ability of this model to predict differences in drift and availability among groups of taxa with different traits depends on (i) identifying the important traits, (ii) understanding their relationship to drift and availability, and (iii) gathering sufficient trait information on taxa for accurate classification. The traits chosen for this analysis and invertebrate classification fall into five groups: intentional, accidental and adult drift propensity, exposure on the stream bottom, and body size. Intentional drift propensity is a behavioral trait whereas accidental drift, adult drift, benthic exposure, and body size incorporate both behavioral and morphological characteristics. Many more traits were considered than were included in this analysis. Some traits (e.g., functional feeding groups) were excluded in favor of morphological and behavioral attributes that could better define the propensity to drift. For example, Hydroptilidae and Baetis are both grazers but they have very different drift propensities. Differences in drift are likely determined by different morphological and behavioral traits (facultative flow exposure, streamlined, swimmers versus obligate flow exposure, attached, case-makers) and is only indirectly related to mouth part morphology and the consumption of algae. Other potentially important traits were considered but could not be included because of a lack of information (e.g., ability of adults to quickly break the surface tension of the water and fly away, adult tendency to swarm, life cycle synchrony). Waters (1968) found that the drift of a rock-cased caddisfly (Oligophlebodes sigma) in a trout stream in Utah peaked during the day when temperatures were highest. This day-active pattern is opposite from many species whose drift peak occurs at night. To the extent that future research reveals this behavior to be typical of other caddisflies, day-active, temperature-dependent drift might be an important trait that will influence availability and should be included in future classification efforts. More information is also needed for some traits included in this analysis. This study represents the first attempt to characterize the intentional drift propensity of stream invertebrates. Although stream ecologists have long recognized that stream invertebrates could, for a variety of reasons, intentionally release their hold on the substrate and drift downstream (Waters 1972) , it was not until the recent emphasis on behavioral observations (e.g., Peckarsky 1980) that such empirical data were available. However, adequate information on intentional drift frequencies has only been determined for five genera (Baetis, Ephemerella, Paraleptophlebia, Prosimulium, and Simulium) . Further research on the intentional drift frequency of other taxa is required. A better understanding of how each trait influences invertebrate drift and availability will also increase predictability. Differences between subcategory scores should be determined by the relationship (linear, quadratic, etc.) between a particular trait and availability. Although the general direction of the relationship (positive or negative) was known for all traits or categories, the specific shape (a straight line was assumed for most traits) was only known for a few categories (e.g., Drift Distance). For example, "Passive Floaters" are known to drift five or six times farther than invertebrates that actively swim to exit the drift (Elliott 1971) . For most categories, however, there were no data to indicate appropriate differences between subcategory scores. In the absence of data relating flow exposure groups to dislodgment, "Facultatives" were arbitrarily assigned a three times greater score than "Obligates." Future research should clarify relationships between each category/trait and drift/availability to provide more accurate information on differences among subcategory scores.
Predicting differences in availability among groups of aquatic taxa with different traits is the first step in predicting Rader 1229
the actual food or energy available for salmonid growth and reproduction. Actual available energy depends on: (i) abundance and species composition of the aquatic invertebrate community, (ii) abundance and species composition of the terrestrial invertebrate community, (iii) abundance of vertebrate prey (e.g., amphibians, mice, and small fish), and (iv) the environmental attributes that influence the availability of the first three factors (e.g., density of riparian vegetation). This study has investigated the relationship between food availability and the species composition of the benthic community by exploring traits that influence drift and availability of specific taxa. Future research should include the terrestrial invertebrate component and the environmental factors that influence the amount of both aquatic and terrestrial inputs as part of a model to estimate total energy available for salmonid production. A simple equation can be used to express the aquatic species component of a larger model for predicting actual food availability for salmonids. The contribution of the aquatic species composition (ASC) can be calculated as
where n is the number of taxa in availability guilds A1-A5 (Fig. 3) . St is an availability factor based on classifying each taxon according to the traits found in Table 1 and is the subtotal score (sum the subcategory scores for each taxa) from Table 5 (abundance excluded). A is an abundance factor. How it is calculated depends, in part, on the spatial scale. Patterns at large scales (comparisons in food availability across regions, basins, and watersheds) may be best detected with coarsegrained data (Margalef 1968) . Therefore, at larger scales, presence-absence data based on qualitative sampling techniques could be used to identify the taxa in guilds A1-A5 and A becomes a multiplier (0.5, 1.0, 1.2, 1.5) used to modify St. Also, information on large-scale patterns of relative abundance could be gathered from the literature (e.g., regional keys), in addition to qualitative samples, and used to separate taxa into abundance categories (rare, common, and abundant). The choice of a multiplier depends on the abundance category and if the taxa have an availability score greater than or less than the mean St (see Methods for a complete description). At smaller scales (stream reaches and habitat units), pattern detection may require fine-grained data (quantitative estimates of population density). For small-scaled predictions, St for each taxon could be multiplied by density estimates based on quantitative benthic samples. This equation used at large or small scales (using coarse-grained or fine-grained data) provides a single value expressing relative food availability of aquatic invertebrates for salmonids based on a relatively simple level of taxonomic resolution (primarily family with some genus identifications).
This investigation and invertebrate classification has a variety of potential uses related to the transfer of energy from lower to higher trophic levels. Both natural and anthropic disturbances can alter macroinvertebrate community structure, causing some taxa to decrease whereas the abundance of others might remain unchanged or even increased (e.g., effects of eutrophication). This study provides specific criteria for determining when alterations in invertebrate community structure will affect food resources for higher trophic levels by causing a decline in the most available taxa. The relationship between total invertebrate production and salmonid production is not a positive, linear function. Increased production of unavailable taxa may have little or no impact on salmonid production. Similarly, if species were deleted from the community, the function of transporting energy from lower to higher trophic levels may or may not be altered. The relationship between community diversity and ecosystem function (transfer of energy to higher trophic levels; Lawton 1994) may depend on the availability of the deleted taxa. That is, ecosystem function will decline as available taxa are deleted. This research also supports previous findings that floods are important in maintaining invertebrates that represent an important food resource for salmonids (Power et al. 1996) . Taxa that were efficient at exploiting recently disturbed habitats (Power et al. 1996) were identified in this study as being the same taxa that are most available to salmonids (e.g., mayflies in guilds A1 and A2). The least resilient taxon (Dicosmoecus), which when abundant can suppress algal resources and mayfly populations, was assigned to one of the guilds with the lowest availability (A5). Hemphill and Cooper (1983) also found an increase in the abundance of Simulium virgatum (Simuliidae) and a decrease in Hydropsyche oslari (Hydropsychidae) as disturbance frequency increased. Hart (1987) suggested that disturbances might prevent the competitively superior species (H. oslari) from excluding the "fugative" species (S. virgatum). My results indicate that Simuliidae (group A1) possess traits that make them more available to salmonids than Hydropsychidae (group A3). Both studies (Hemphill and Cooper 1983; Power et al. 1996) suggest that traits that enhance recovery from disturbances may also increase availability to salmonids. Combining the availability traits of this research with life history traits that determine resilience to physical disturbance (growth rate, generation time, dispersal capability) may help to define the role of disturbances in maintaining invertebrates that are important in maintaining salmonid populations. In addition to being an important fish food, invertebrates can also be used as a biomonitoring tool to assess the health of stream ecosystems (Rosenberg and Resh 1993) . However, drift can carry invertebrates from unimpacted upstream areas into downstream impacted sites creating the false perception of a healthy environment. Knowledge of the drift propensity of specific taxa (drift guilds 1 and 2 versus 3 and 4) can be valuable in separating taxa that seldom drift from frequent drifters that might temporarily occur in the benthos but are not indicative of localized impacted conditions. This study was specific to trout streams of the subalpine, montane, and foothills zones of the central Rocky Mountains. Invertebrate classification was based on traits specific to taxa that reside within this ecoregion. Although taxa in other ecoregions may be classified differently from taxa in the Rocky Mountains, the traits/categories/criteria found in Table 1 can be used to rank and classify taxa in trout streams from all ecoregions. Similarly, the ranking and classification of taxa in this study was based on their importance as a food resource for juvenile and adult trout. Gape-limited YOY trout that forage in side channels, backwaters, and stream margins primarily rely upon smaller aquatic insects and microcrustaceans as a food resource (Shiozawa 1986; Hubert and Rhodes 1992) . A separate set of criteria is necessary to rank and classify invertebrates based on their importance to YOY trout.
This study is an investigator-defined, a priori classification of stream invertebrate taxa into both drift and availability guilds using specifically defined criteria (traits or categories of Table 1 ) and objective clustering techniques. The predictive power of this model depends on the degree that these guilds represent real ecological units. Although a preliminary analysis comparing the predicted with the actual rank of taxa in salmonid guts suggests that these guilds may represent real ecological units, future research should expand upon this test and compare the predicted rankings to a larger data set including both drift and trout gut analyses in the Rocky Mountains.
